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Abstract 

Mercury used in gold amalgamation is a global concern and a major source of contamination and 

dispersion in environmental aquatic of Cote d’Ivoire, mainly in the North where clandestine gold mining 

activities are a local interest. The aim of this study was to assess the level of total mercury (Hg-T) 

contamination of sediments from Bagoue River. Water and sediments samples were collected during wet 

and dry seasons from six stations differently impacted. Spatial and seasonal variations in physical and 

chemical parameters were assessed. Results revealed that the level of Hg-T in water was 0.68±0.03 µg.L-

1 and in the sediments, dry weight concentration was 0.064±0.01 mg.kg-1. The Hg-T concentration in 

sediments was significantly higher (p<0.05) during the dry season (0.089±0.053 mg.kg-1) than that 

recorded in the wet season (0.064±0.039 mg.kg-1). Ultimately, strong and positive correlations have been 

observed between Hg-T in sediments and sandy sediments (r = +1), as well as suspended materials (r = 

+0.85). The pollution status of mercury in sediments according to the geo-accumulation index was 

uncontaminated (- 47.03) at all the seasons whereas enrichment factor has been moderate over climatic 

seasons at downstream stations heavily impacted by gold mining. The sandy texture of the River 

sediments favours the infiltration of mercury and its accumulation in groundwater. As a rate, the health 

risks associated with the consumption of these waters are potentially high. 

 

Keywords: Bagoue river, total mercury, sediment, groundwater, pollution, Cote d’Ivoire 

 

1. Introduction 

Aquatic ecosystems usually contain a wide variety of life forms. As a result of human actions, 

these environments are now modified and sometimes degraded. The alteration of one of the 

parameters of the environment can cause a general disturbance of the entire natural balance, 

especially since the resulting contamination often leads to changes in slow and sometimes 

brutal corn balances [1]. The degradations caused are the perpetual destruction of biotopes, the 

decrease in biological diversity and disturbances in the cycles of the mineral elements 

necessary for life [1]. Ivorian rivers are not spared from these threats, including the Bagoue 

River in the North of the country.  

The advantages offered by main receptacle, in terms of fisheries resources, agricultural and 

agro-pastoral production as well as drinking water have for centuries encouraged the 

settlement of humans in these areas [2]. However, the impacts of anthropogenic inputs of 

chemical contaminants are a major concern for maintaining the good condition of aquatic 

systems in terms of structure and functional performance. Indeed, illicit and artisanal mining 

activities, which use mercury in the gold smelting [3], have been taking place for decades in the 

watershed [2]. The situation worsened following the political crisis of 2002, characterized by 

the mis-selling of agricultural products and the ever-increasing level of poverty of local 

populations [2]. Some of the mercury released during gold treatment ends up in the stream [4] 

and is adsorbed on particles suspended in the water. This pollutant eventually settles in 

sedimentation areas where it is distributed between the water column and sediments, the latter 

acting as the main tank [5 ; 6]. In this way, the contaminant stored in the sediments can continue 

to disrupt the aquatic ecosystem by affecting water and substrate quality.  
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This is why, in environmental contamination, sediments are 

often used as indicators for some aquatic animals living in the 

area also especially fishes [7]. In Cote d’Ivoire, results of 

aquatic chemical pollutants analysis revealed the presence of 

heavy metals in sediments [8:-12]. As far as the Bagoue 

watershed, only the work done by Mason et al. [12] exists. The 

objective targeted was to assess the impact of artisanal and 

industrial gold mining on the level of mercury and 

methylmercury in environment. However, results of this study 

were published on the basis not only of a one-time data 

collection campaign conducted between August and 

September 2017, but was limited to downstream area, at 

Tengrela. Nevertheless, consideration of the inter-regional 

dimension of the basin, as well as the seasonal variation of 

pollutant are necessary to better assess the level of pollution 

of this River. Thus, areas where sediment exposure to 

mercury is most important can be identified. Measures to 

prevent the potential effects of this chemical pollutant on the 

effected ecosystem may therefore be envisaged. This study 

assessed the spatial and seasonal concentration of Hg-T in 

sediments from Bagoue River and determined the possible 

enrichment factors.  

 

2. Material and Methods 

2.1. Study area 

The Bagoue River basin, tributary of the Niger stream, is 

situated in the North of Cote d’Ivoire between latitudes 9°15′–

10°50′N and longitudes 5°40′–7°10′W (Fig 1). The Bagoue 

River system has a total catchment area of about 33 430 Km2 
[13] shared between Cote d’Ivoire, Mali and Niger. This basin 

has its source at west of Boundiali, in Madinani region and 

stretches for 350 km [14]. On Ivorian territory, this watershed 

covers the departments of Boundiali, Kouto and Tengrela. 

The Bagoue watershed undergoes the influence of Soudano-

guineen climate characterized by two contrasting seasons. A 

rainy season ranging from May to October and a dry season 

from November to April [15]. The water regime of Bagoue 

River is experiencing major irregularities. It includes a period 

of low flows (stretching) from November to May, and a 

period of high flows (crude) from June to September. 

 

  

 
 

Fig 1: Map of the Bagoue River course in Cote d’Ivoire with sampling sites and some artisanal and clandestine gold mining position sites. 

 

2.2. Sample collection and processing 

Environmental variables were collected during the rainy 

(Agust-November 2018) and the dry (January-April 2019) 

seasons in 6 sampling sites (Fig 1). Sites whose sediment is 

susceptible to pollution from human activities have guided 

our choices. Sediments and water samples were collected 

from six stations between Tengrela and Boundiali. During 

each collection trip, two replicate samples were taken at each 

station. Sediment samples were excavated from an area of 25 

cm X 25 cm [16] with hands [12], with depth penetration of 8 cm 
[17]. Water samples were collected using sterile gloves [18] at a 

depth of 10 cm [17]. They were then stabilized by addition of 1 

% concentration hydrochloric acid [19]. All samples were kept 

in relabelled polyethylene vials, wrapped in aluminium foil 

and stored at 4 degrees to the laboratory according to CEAEQ 
[20] and AFNOR [19]. The water parameters (temperature, pH, 

electrical conductivity, total dissolved solids) were measured 

in surface, with a portable multi-parameter probe, HANNA HI 

9828. Water transparency was measured using a Secchi disk. 

Total solids suspended were balanced using vacuum filtration 

method with a fiberglass filter of nominal porosity estimated 

at 1.5 µm according to AFNOR [21]. Hg-T and iron were 
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analyzed by atomic absorption spectrophotometry equipped 

with a cold vapour system (VGA 77). All analyses were done 

in three remnants per parameter. For sediment-texture 

analysis, samples were dried at 100 °C for 72 h, and sieved 

using a column of sieve according to AFNOR [19]. Grain size 

was analyzed following a method described by Ibouilly [22]. 
 

2.3. Assessment of sediments contamination 

The geochemical accumulation index (Igeo) was employed as 

a quantitative tool to assess the level of Hg-T contamination 

in sediments. This index was calculated using Equation (1) 

proposed by Müller [23]. 
 

 
 

Where Cs is the sediment metal concentration; 1.5 is the 

constant for modifying the fluctuation of the background 

value caused by lithological movement [24] and Bg is the 

geochemical background value of the metal. In this work, 

0.056 mg.kg-1 was the reported background value utilized [25]. 

Based on the results, mercury pollution of sediment was 

classified into seven categories according to Müller [23]. 
 

2.4. Enrichment Factor (EF) determination 

EF is a useful indicator that reflects the condition of 

environmental contamination. In this study, mercury 

concentrations are normalized as ratios to another constituent 

of the sediment, to evaluate the possible anthropogenic input 

of Hg-T. In order to compensate for grain size effect which 

has considerable bearing on the concentration of contaminants 

in sediment/soil, a normalization with conservative element 

measured in the same sample is often adopted. In this study, 

Iron was chosen because of the lateritic character and 

deposited iron oxide abundance in northern soils of the 

country. Mercury and iron levels in the Earth’s continental 

crust were 0,056 mg.kg-1 and 30890 mg.kg-1 respectively 

according to Wedepohl [26]. The EF is calculated using 

Equation (2) proposed by Jayaprakash [27]: 
 

 
 

Where Hgs/Fes is the ratio of mercury (Hg) to Iron (Fe) 

concentration determined in the sediment and Hgref/Feref is the 

ratio based on background values. Hakanson [29] suggest the 

following intervals to determine the sources of sediment 

contamination based on the enrichment factor: EF < 1 refers 

to no enrichment; EF from 1 to 3 to minor enrichment; EF 

from 3 to 5 to moderate enrichment; EF from 5 to 10 to 

moderately-highly enriched; EF from 10 to 25 to significant 

enrichment; EF from 25 to 50 to very high enrichment; and 

EF > 50 to extremely high enrichment. 

 

2.5. Statistical analysis 

Before performing comparison test, normality of data was 

verified by Shapiro-Wilk test at critical value of 0.05. Data for 

sediment particle size, mercury levels and other 

environmental parameters were statistically compared among 

stations using a Kruskall-Wallis test [28]. Significance was 

tested at an alpha value of 5%. Mann-Whitney test was used 

to verify the significance of seasonal variation data. 

Correlations between environmental parameters, such as 

gravel, sand, clay, suspended matter and mercury levels were 

statistically tested using simple correlation matrix of 

Spearman. All statistical analyses were performed by using 

XLSTAT 2016. 

 

3. Results 

3.1. Water characteristics 

The results of spatial analysis of water parameters are 

presented by Fig 2. Kruskall-Wallis data test reveals a 

significant difference (P < 0.05) between sites for suspended 

materials and transparency. Highest total suspended solids 

(111.58±188.29 mg.L-1) were observed at Zanikaha (Tz) and 

Kanakono (TK) sites, downstream, whereas lowest (7.61±6.78 

mg.L-1) were obtained at Kouto site (Ks), still downstream. It 

was also showed that transparency values were generally 

lower in the sampling sites located downstream (22.25±13.5 

cm at Tz site and 28.5±19.46 cm at Tk site), as well as in the 

tributary (19.87±9.04 cm). The highest value of transparency 

(55.75±8.73 cm) was observed upstream at Samorosso site 

(Bs). 

 

 

  
 

A. B. 
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C.  D. 

 

  
 

E.  F. 
 

Fig 2: Spatial concentration of water parameters of Bagoue River measured from August 2018 to April 2019. (A) Total suspended solids, (B) 

Transparency, (C) Total mercury, (D) Temperature, (E) Total dissolved solids, (F) Conductivity. a, b, c indicate a significant difference (p < 

0.05). 

 

Seasonally, total suspended solids showed significant 

variations (Mann-Whitney, p < 0.05) (Fig. 3). Concentration 

of total suspended solids (TSS) in water was higher in the dry 

season with an overall mean concentration of 75.74±80.02 

mg.L-1 compared to 10.89 ±7.06 mg.L-1 for the wet season. 

 

  
 

A.  B. 
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C.  D. 

 

  
 

E.  F. 
 

Fig 3: Seasonal concentration of water parameters of Bagoue River from August 2018 to April 2019. WS= wet season; DS = dry season. (A) 

Total suspended solids, (B) Transparency, (C) Total mercury, (D) Temperature, (E) Total dissolved solids, (F) Conductivity. a, b indicate a 

significant difference (p<0.05). 

 

3.2. Sediments characteristics 

The study also looked at sedimentary parameters. Data 

collected for spatial and seasonal analysis of sediments are 

presented in Table 1. Taking into account annual averages on 

each site, no spatial variation was observed (Kruskall-Wallis, 

p > 0.05) for all the parameters measured. Seasonally 

however, there were significant differences (Mann-Whitney, p 

< 0.05) for the T-Hg and grain size data of sediments. The 

average concentration of T-Hg in sediments was higher 

(0.089 mg.kg-1) during dry season than the rate recorded 

(0.036 mg.kg-1) during wet season. The proportions of clay 

and sand were higher (respectively 2.54% and 89.02%) during 

rainy season than the percentages (respectively 0.82% and 

75.99%) obtained on the dry season. The percentage of gravel 

on the other hand was higher in sediments (22.94%) during 

dry season than rainy season (6.9%).  
 

Table 1: Results of seasonal variation of sediments characteristics from Bagoue River 
 

Sites 

Chemical parameters Sediments texture (%) 

Iron (mg.kg-1) Water of Sediments (%) T-Hg (mg.kg-1) Clay (D ≤ 63 µm) Sand (2 mm > D > 63 µm) Gravel (D ≥ 2 mm) 

WS DS WS DS WS DS WS DS WS DS WS DS 

Tk 5668.93 14212.3 23.65 42.2 0.046 0.132 4.1 0.7 86.9 84.85 5.76 14.33 

Tz 10040.2 12369.4 30.2 27.87 0.033 0.122 1.74 0.97 79.95 90.51 17.84 8.5 

Ks 8725.09 7487.28 20.75 42.75 0.056 0.06 2.53 0.46 95.17 68.3 1.33 31.2 

Bs 18373.2 26190.8 42 47.6 0.012 0.061 1.58 0.86 91.21 66.69 6.59 32.11 

Bg 12369.4 29826 39.97 36.62 0.035 0.087 2.42 0.74 92.57 72.41 3.18 26.31 

Bn 12369.4 21329.1 42.77 51.25 0.034 0.069 2.86 1.22 88.35 73.2 6.73 25.22 

Min 5669 7487 20.75 27.87 0.012 0.012 1.45 0.22 66.09 51.34 0 0.82 

Max 18373 29826 42.77 51.25 0.064 0.168 6.1 1.75 96.5 98.15 31.74 48.05 

Aver. 11258 18569 33.22 41.38 0.036 0.089 2.54 0.82 89.02 75.99 6.9 22.94 

St-er. 4295 8633 9.69 8.29 0.015 0.053 1.27 0.43 8.42 13.91 8.44 14.11 

Min = minimum, Max = maximum, St-er = standard error, D= particle diameter, WS = wet season, DS = dry season 
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3.3. Levels and sources of sediments contamination  

In order to assess the level of sediment pollution and to 

determine the potential sources of mercury contamination, the 

Muller’s geochemical index (Igeo) and enrichment factors 

(EF) were determined. The recorded values are shown in the 

Table 2. No significant difference in the Igeo data for the 

sampling sites (Krukall-Wallis, p > 0.05) and the climate 

seasons (Mann-Whitney, p > 0.05) were reported. Igeo values 

ranged from -32.45 (Tk site) to - 45.09 (Ks site) for rainy 

season and from -46.2 (Ks site) to -70.89 (Bs site) for wet 

season. The values of Igeo for Hg-T evaluated in the wet and 

dry season for all samples exhibited a zero class. 

Also, no significant variations of EF (Mann-Whitney, p > 

0.05) were reported between the climatic seasons. On the 

other hand, the sediment EF of samples from downstream 

sites influenced by artisanal gold mining were significantly 

different (Krukall-Wallis, p < 0.05) from those of upstream 

sites. EF values ranged from 1.73 to 3.28 in rainy season and 

from 3.79 to 4.89 in wet season for samples from 

downstream. On the Hakanson [29] scale, EF values calculated 

using average Hg-T concentrations in the wet and dry seasons 

showed moderate anthropogenic enrichment (3 < EF < 5) at 

downstream sediments. On the contrary, anthropogenic 

enrichment of upstream sediments has been minor (1< EF < 

3) over all climatic seasons. 

 

Table 2: Geo index values and surface sediment enrichment factors of the Bagoue River measured from Agust 2018 to April 2019. 
 

Sites Sedimentary index 
 Igeo EF 
 DS WS DS WS 

Tk -32.45 -49.35 3.28 4.89 

Tz -33.72 -52 3.01 4.47 

Ks -45.09 -46.2 1.73 3.79 

Bs -44.83 -70.89 1.28 1.83 

Bg -39.14 -53.73 2.25 2.8 

Bn -42.85 -54.2 1.28 2.08 

Igeo = geochemical index; EF = enrichment factor; ws = wet season; DS = dry season 

 

3.4. Correlation analysis  

Spearman correlation test applied to the data (Table 3) 

showed several significantly correlation. Hg-T levels increase 

in sediments as the amount of sand increases. This translates 

into a very high correlation coefficient (r = 1.00). Similarly, 

Hg-T and suspended materials are strongly linked positively 

(r = 0.85). On the other hand, Hg-T levels in sediments 

become low when the amount of gravel is high in sediments. 

Hence the high negative correlation coefficient (r = - 0.94) 

observed. In addition, an inversely proportional change in Hg-

T levels in sediments and water pH has been observed with a 

very significant coefficient (r = - 0.84). Likewise, gravel was 

negatively correlated (r = - 0.94) to sandy particles. Finally, 

data showed that the rate of dissolved substances increases as 

water transparency increases. Similarly, the increase in the 

rate of dissolved substances also leads to an increase in the 

water conductivity. These correlations translate into 

coefficients (r) of 0.84 and 0.81 respectively.  
 

Table 3: Correlations matrix between physical and chemical parameters measured in Bagoue River’s water and sediments from August 2018 to 

April 2019. 
 

Variables Hgs Fes Tws Clays Sands Gravs Hgw Conw T°Cw pHw TDSw Tranw TSSw 

Hgs 1             

Fes -0.54 1            

Tws -0.65 0.65 1           

Args 0.48 -0.37 0.20 1          

Sands 1.00 -0.54 -0.65 0.48 1         

Gravs -0.94 0.37 0.42 -0.60 -0.94 1        

Hgw 0.20 -0.05 -0.55 -0.58 0.20 -0.11 1       

Conw -0.60 0.60 0.37 -0.42 -0.60 0.65 -0.40 1      

T°Cw 0.08 0.37 -0.25 -0.60 0.08 -0.02 0.80 -0.02 1     

pHw -0.84 0.25 -0.37 -0.64 -0.25 0.42 0.72 0.31 0.77 1    

TDSw -0.29 0.46 -0.05 -0.63 -0.29 0.46 0.10 0.81 0.46 0.69 1   

Tranw -0.37 0.20 -0.02 -0.54 -0.37 0.60 0.17 0.60 0.42 0.65 0.84 1  

TSSw 0.85 0.08 -0.42 0.02 0.71 -0.77 0.55 -0.42 0.60 0.14 -0.05 -0.31 1 

Significance was tested at an alpha value of 0.05 for bold values     

S = sediment, w = water, Tws = water sediment content, Gravs = gravel, Conw = water conductivity, TDSw =water total dissolved 

solids, TSS = total suspended solids 

 

4. Discussion 

Toxic metals released into environment as a result of natural 

processes or human activities enter River system and 

eventually accumulate in sediment. The analysis of sediment 

samples is particularly recommended for identifying the 

sources of metals and for reconstructing the impact of (past) 

human activities on the spatial and seasonal variations of 

metal fluxes [30]. Water and sediment study from Bagoue 

River revealed the presence of Hg-T. The average 

concentration observed in sediment was not significantly 

different from average (0.056 mg.kg-1) content in earth’s crust 
[25]. Values obtained were below the tolerable maximum limit 

for freshwater sediment quality criteria (0.81 mg.kg-1) 

suggested by the International Atomic Energy Agency [31]. 

The similar study conducted by Mason et al. [12] in area at 

Tengrela and the artisanal gold mining at Bonikro village 
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(Centre of Cote d’Ivoire) showed lower mercury levels (0.012 

mg.kg-1; 0.015 mg.kg-1) than data collected during present 

study.  

The absence of significant spatial variation in sediment 

parameters suggests the existence of substantially similar 

characteristics of the Bagoue River substrate. However, at the 

Hg-T level, the spatial characteristics of its distribution 

indicate a relative increase in its sediment content, mainly in 

downstream artisanal mining areas, although no significant 

differences were observed between downstream and upstream 

referential sites. But, while mining activity appears to be the 

cause, it should be noted that sediment metal concentrations 

do not systematically induce anthropogenic influence [32; 33].  

Seasonal climatic variations have significantly impacted the 

process of metal concentration in sedimentary particles. 

During dry season, there is increased mining activity with 

decreasing mercury mobility in the River systems due to 

reduced water levels and flow rate. As a result, mercury-

contaminated particles frequently settle at the bottom of the 

River. Comparatively, in the wet season, much lower mercury 

values were observed in samples collected due to high flow 

regimes characteristics of this season resulting in the dilution 

and dispersal of mercury particles. Furthermore, mining 

activities tend to slow down during the rainy season due to the 

inability to access flooded galleries and River alluvials. 

Therefore, the release of mercury residues into the 

environment during the processing of gold ore is reduced. 

Findings from this study are similar to studies conducted in 

the Gambia River (Senegal) and in the Asutifi District 

(Ghana), respectively by Niane et al. [34] and Kyereme et al. 
[35]. In contrast, Gerardo et al. [36] showed highest average 

values in the wet season (0.24 mg.kg-1) than in the dry season 

(0.19 mg.kg-1).  

Owing that determination of metal trace concentration is 

insufficient to provide their sources and degree of 

accumulation in the environment, the enrichment factor (EF) 

and geo accumulation indexes (Igeo) were performed to 

estimate contamination degree of sediment samples [37]. The 

range of EF values obtained during the dry and the wet 

season, with a moderate enrichment at downstream, indicate 

an anthropogenic source of mercury probably from activities 

such as industrialisation, urbanisation, deposition of industrial 

and household wastes, agriculture and others. However, since 

the study area is remote from all industrial activities, it is 

inferred that mercury in sediment is mainly the consequence 

of artisanal gold mining activities. Indeed, several steps in the 

processing of gold-containing, such as crushing and 

amalgamation release trace metals into the environment. This 

study therefore suggests a link between artisanal gold mine 

that abound downstream at Tengrela region, and mercury 

contamination of stream sediment. The environmental 

contamination with traces elements by artisanal mining 

activities found in the present study is in agreement with 

previous investigations in Cote d’Ivoire [11], in Ghana [38; 35] 

and in Senegal [34; 39]. Likewise, Niane et al. [40] found 

elevated concentrations of Hg-T (39 times higher) around 

artisanal and small gold mining at downstream site in Bantako 

than upstream reference site at Samekouta in the Gambia 

River. Rather, minor upstream sediment enrichment is 

associated with a cumulative effect due to the drainage of 

contamination sediment from adjacent gold mining sites 

According to Müller [23], the values of Igeo for Hg-T 

evaluated in the wet and dry seasons for all samples exhibited 

a zero class, indicating unpolluted sediment quality. How to 

explain this result when it has been show that these sediments 

are subject to anthropogenic enrichment regardless of climatic 

seasons. Data related to the study of sediment texture could 

guide our discussion. Indeed, the study revealed a clay-silt 

proportion of less than 10% characteristic of the pure sandy 

texture of the sediments. In agreement with Lochu et al. [41], 

such a percentage of fine particles (diameter ≤ 63µm) in 

granulometry reduces the ability of mercury to be adsorbed by 

surface sediment. As a result, most of the mercury introduced 

into the River system is leached and migrates to the 

groundwater. The other part is transported to the terminal 

basins much further downstream. Similar comments were 

made by Donkor et al. [38] in the Pra River, Ghana.  

The determination of correlation coefficient provides an idea 

of the possible relationship between metals and parameters of 

the study environment: homogeneous distribution, identical 

behaviour in the physical and chemical processes and 

influence of one on the other. Results show a strong influence 

of sandy fraction on the level of Hg-T in sediment. Given the 

low affinity between sand and mercury [41], this statistical link 

may suggest that some of the mercury is present in elementary 

or particulate form in interstitial water and/or attached to the 

gold residues present in the sediment as described by Guedron 
[42] in a gold mining basin in French Guiana. However, 

mercury can be found in the sandy fraction in case of a 

coasting of the grains by mercury sulphide (HgS) or clay [43]. 

A similar correlation has been reported by Niane et al. [34]. 

Moreover, the strong correlation between Hg-T and 

suspended material suggests a particulate behaviour of the 

metal in this aquatic environment. Indeed, sediment 

enrichment depends on a deposit of suspended solid particles 

whose affinity for metal trace elements has been demonstrated 

by many studies [43; 44; 45; 46]. Furthermore, the study shows 

negative correlation between Hg-T and coarse particles due to 

their very narrow adsorption surface for metal trace elements, 

in agreement with findings of several studies [47; 48; 41]. Finally, 

the significant negative correlation between Hg-T and pH 

could suggest a control of this water parameter on the 

pollutant distribution. Indeed, he was admitted that acidic 

water promote the emergence of the dissolved form of heavy 

metal in interstitial sediment water, hence the reduction of 

percentage of fixation on sedimentary particles. This negative 

influence of pH on mercury’s adherence to sediment has 

already been mentioned by Thomassin et al. [43]; Guigues and 

Corroller [43; 44]. 

Clandestine and small-scale gold mining activities are likely 

to cause significant sediment pollution by heavy metals. As a 

result, their presence in the substrate of streams, negatively 

impacts the life of benthic organisms. They can also have a 

negative impact on the local environment and freshwater 

resources [49]. The main environmental risk is the 

remobilization of these contaminants and their return to the 

hydrosphere either by re-suspending sediments or by 

infiltration into groundwater [50]. In the Bagoue basin, 

mercury seeping into the subsoil is likely contaminating 

groundwater and poses a health risk to local populations. 

Indeed, a study conducted in a gold mining environment in 

the Department of Oume (center of Cote d’Ivoire) by Niamké 

et al. [51], revealed an average mercury content of 0,87 µg.L-1 

in groundwater. Similarly, the study undertaken by Konan et 

al. [52] revealed the health risks faced by populations with 

hazard quotients estimated to be greater than 1 for arsenic and 

mercury in the groundwater in Ity’s gold mining environment 

(North of Cote d’Ivoire). Likewise, Yapi et al. [53] found 
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levels of mercury, arsenic, nickel, cadmium and lead well 

above WHO’s limits for drinking water in a mining gold 

environment in Hire (South of Cote d’Ivoire).  

 

5. Conclusion 

The aim of this study was to investigate the impact of 

clandestine and artisanal gold mining. Our research has been 

directed towards the surface sediment of Bagoue River, in 

areas downstream and upstream of the watershed. The results 

obtained make it possible to highlight the interest of the fight 

against illegal gold mining. The results suggested that 

clandestine mining activities significantly contribute to the 

considerable sedimentary mercury contamination in both 

downstream River basin. In addition, the hypothesis of a 

mercury accumulation in groundwater is highly plausible 

given the sandy texture of the River sediment. Therefore, 

mercury levels should carefully monitored and con-trolled to 

reduce its inputs and mitigate potential health consequences 

of its accumulation in the environment. We recommend an 

assessment study of the level of groundwater contamination 

by heavy metals to prevent any health risks for local 

populations.  
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